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ABSTRACT

The polar orbiting Swedish research satellite, Viking, obtained
extensive data on auroral zone phenomena. Data from the Viking Hot
Plasma Experiment have been analyzed to investigate auroral acceleration
and the transport of plasma between the ionosphere and magnetosphere. A
detailed statistical study was made of the relative location of ionospheric
ion acceleration with respect to varipus magnetospheric plasma boundary
signatures. The results indicate that the ion acceleration occupies a much
wider latitudinal extent of the auroral zone than is expected by many
current models; and that the regions of ion acceleration are ordered by,
and move with, several magnetospheric plasma boundaries. Multi-
spacecraft analyses of transverse ion acceleration by broadband low-
frequency waves have been performed and indicate that this mechanism is
an important factor in transporting plasma into the magnetosphere.




BACKGROUND

On Febmary 21, 1986 the Swedish rescarch satellite, Viking, was
launched to study ionospheric and magnetospheric processes at high
latitudes. A swnmary of the Viking scientific objectives and its
instrumentation is given in Reference 1, which is attached as Appendix D,
Both the polar elliptical orbit, with an apogee of approximately 15,000
km., and the instrument complement were particularly suited to in situ
studies of the complex physical processes associated with the auroral
acceleration region. Of particular interest is Viking's coverage of the
important altitude regior above the 8,000 km. limit of the pioncering
mcasurements made by L MR instruments on S3-3.

During the nomal Viking operational period, which ended in
December 1986, several “campaigns" addressed specific scientific
problems. During each campaign particular instrument modes were
selected under real time control of the investigators, in coordination with
operations by ground based instruments and other satellites, in order to
gain detailed information on particular phenomena and in response to
questions raised by earlier measurements.

The Viking instrument complement was very complete, with
measurements of electric and magnetic fields; plasma density, composition,
and distribution functions; electric and magnetic waves; and ultraviolet
images of the aurorae. The five instrument groups, designated V1 - VS5,
are summarized in Table 1.

The Lockheed Palo Alto Research Laboratory (LPARL) received
partial support from ONR to build the onboard data processing unit for the
"V3" group of instrurnents which are dedicatcd to the measurements of hot
plasmas. The measurement capabilities of the V3 instrument group are
summarized in Table 2.

As Co-Investigators on the V3 team, LPARL has collaborated
extensively with the Swedish Institute of Space Physics (in Swedish:
Institutet for rymdfysik -- "IRF") in the exchange of data and the analysis
of several topics of interest. We have also collaborated with several other
groups whose data from other instruments, both on Viking and other
satellites, provide important complementary information to the V3 results,

In August of 1986, LPARL received an ONR contract (N00014-86-C-
0159) to perform preliminary analysis of data from the Viking hot plasma
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TABLE 1}

Viking Experiment Suomary

Electric Field Vector Experimenc:
Quasistactic electric field with cthree component vector measurenents,
including swepct E-field probes for plasma density measurements.

L. Block, Principal Investigator

Magnetic Fleld Experimanc:
Precision measurements of the vector magnetic field for studies of che
field aligned electric currents «'d determinacion of particle picch angles.

T. A. Poteara, Principal Investigator

Hot Plasma Experiments:

Low energy partizle spectrometers, energetic ion composition spectrometers
and high energy parcicle detecrors to provide measurements of the plasma
distribucion functions and ion composition.

R. Lundin, Principal Investigator

Wave Experiments:
Low and high frequency wave experiments, an/n probes and a resonance
experiment to determine plasma instabilities, wave generations,
wave/particle interactions and plasma densities.

High frequency part - A. Bahnsen, Principal Investigator

Low frequency part - B. Holback, Principal Investigactor

Ulcraviolet Auroral Imager:
Measurement of the discribution of auroral emissions in ultraviolet light.

C. D. Anger, Principal Investigator




TABLE 2

Hor Plasma Experiment

Unic Measurement Objectives

Vi-1 Energy- and pitch angle discribucion of electrons with a high

spectral resolution (AE/E ~ 0.05). Froa ~10 eV to ~40 keV in up to
128 ecnergy levels.

vi-2 Energy- pitch angle discribucion of electrons with a high angular
resolucion (da £ 2°) from ~0.1 keV to ~300 keV in 16 energy levels.

v3-3 Energy- pitch angle distribucion of energeric positive fons. From
~40 eV to ~40 keV in up to 64 energy levels (AE/E £ 0.08, aa < 6°).

Vi-4 3-Dimensional distribucion function measurements of positive ions

from ~1 eV to 10 keV in up to 32 energy levels.

V3-5 Measurements of the energy and pictch angle distribucion of gf, He+fL
ﬁgf and 0" from =50 eV/q to 20 keV/q in up to 16 energy levels (4a
~6°-12°).

V3-6 Detailed ion composition measuremencs from ~1 eV/q to ~70 keV/q in up

to 32 energy levels (M/aM ~ 1-7 for energies less than ~20 keV/q).

V3-7 Detailed composition, energy- pitch angle distribucion measurements

of energetic positive ions from 10 keV/nucleon to 10 MeV/nucleon.




instruments and to evaluate specific events and phenomena as candidates for
more detailed investigation. Based on a proposal dated January 15, 1987,
this contract was extended to allow detailed investigation of the V3 data.
The results of this investigation are described in the following section.




PROGRESS
DATA BASE AND ANALYSIS TOOLS

ic main operational periad of Viking, during which science
instruments were operated essentially continuously, extended from launch
in February, 1986 until December, 1986. A broad array of tools have
been developed, both at Lockheed and at the Swedish IRF, for the display
and analysis of these data.

In order to survey the data and to select events for more detailed
investigation, IRF developed a sct of microfiche for over 1500 orbits.
There are several types of microfiche formats, with 10-20 frames for each
orbit. A “"summary" display presents selected key data from all Viking
instruments, in addition to grayscale output from the imager. A separate
set of microfiche displays very complete V3 data in the form of color
spectrograms for both ion/electron (non-mass resolved) as well as ion
composition. These V3 spectrograms provide very good time and energy
resolution, #nabling immediate identification of pitch angle structure, ion
and electron population boundaries, and various convection signatures.

A quantitative analysis of the V3 data may be performed using data
from the "Data Summary Files" that were provided by IRF on magnetic
tapes. A description of the contents of these files is included as Appendix
C. We developed under this contract several software modules to exiract
data from these tapes and to process it into several formats. In addition to
making various detailed line plots, for instance flux versus energy, the tape
handling software also added information from each tape processed to a
database that serves as an index to the data contained on the tape. The
Swedish IRF contributed supplementary data display formats for various
specialized analyses of plasma characteristics.

Figure 1 is an example of electron displays for orbits 176 and 849.
This type of plot is extremely useful for analyzing the details of the
electron pitch angle structure. In particular, the plots provide a very
convenient means for comparing the pitch angle character in different
energy ranges.

Coordinated studies between Viking and other satellites frequently
require knowledge of two or more satellites' orbital tracks and the reiative
timing of their passage through particular regions. The most common
requirements are to assess the conjugacy of satellites along a magnetic fizld
line, or to clarify the timing of their passages through particular loc+l time
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or magnetic latitude regions. The principal satellites used for comparison
with Viking are SCATHA, to provide equatorial data during a Viking cut
through the auroral zone, and Dynamics Explorer, to give comparative
auroral zone data from a different altitude or the conjugate hemisphere.

In order to evaluate Viking's orbits with respect to other satellites we
have developed software to plot the orbital tracks. An example is shown in
Figure 2. The figure displays 20 minute segments of the Viking and
Dynamics Explorer orbits as they pass through high latitude ficld lines in
opposite hemispheres. The top two panels show the orbits as viewed from
18:00 and 12:00 local time. Magnetic field lines intersecting the orbits are
traced at 10 minute intervals. The lower left panel displays the orbital
paths in local time and invariant latitude, The case shown is for a perii d
that was investigated by the ninth Coordinated Data Analysis Workshep
(CDAW-9). A discussion of the CDAW-9 analysis is presented in a later
section.

LOCATIONS OF ION ACCELERATION WITH RESPECT TO PLASMA
BOUNDARIES

In many ways the Viking program represents a natural follow-on to the
extraordinarily rich S3-3 rnission. Among the many key results of S3-3
was the identification of auroral ion acceleration processes extending over
a very sizable range of latitude/local time space. It was also clear from
S3-3 that these processes were operative throughout a surprisingly large
altitude region, to well above the 8,000 km S3-3 apogee. The Viking
L 2rumentation suite and orbit were chosen to address many of the
questions that were raised by the S3-3 results. In particular, the orbit
significantly extends the altitude coverage and provides apogee precession
through auroral latitudes early in the mission.

Figure 3 illustrates the variation throughout the main Viking
operational period of two of the orbital parameters that serve as selection
criteria for studies of auroral processes. The top portion of the figure
shows magnetic local time of Viking equator crossings, thus indicating the
local time orientation of the orbit. The bottom portion of the figure
displays the latitude of apogee, which provides an indication of the altitude
at which the auroral region is sampled at various periods. One can see
from Figure 3 that within approximately the first hundred days of the
mission, Viking's apogee moved through auroral latitudes while in the
dawn local time region. As described below, this period provided an
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excellent data set for an analysis of the location of auroral ion acceleration
with respect to plasma boundaries.

Morphological studies on S3-3 and following missions have determined
in some detail the statistical locations of auroral ion acceleration and the
resulting outflow of ionospheric plasma into the magnetosphere,

Equatorial satellites at geosynchronous orbit and higher altitudes have
observed these ions as they become part of the trapped magnetospheric
plasma populations, however there is a good deal of uncertainty about the
cquatorial distribution of ionospheric plasma injection. Workers with both
equatorial and polar orbiting spacecraft have devoted considerable effort to
identifying the plasma characteristics of various regions (e.g. plasma sheet,
tail lobes, polar cap, auroral zone). However a mapping between the
cquatorial and polar data is exceedingly difficult. There is considerable
controversy about the identification of various equatorial plasma
populaticns with their counterparts observed at high latitudes from polar
orbit. Thus it is quite difficult to make full use of the ionospheric outflow
data in models of magnetospheric pliusma transport.

In order to clarify the latitudinal/L-shell location of ionospheric
outflow with respect to magnetospheric plasma populations we have
performed a detailed study of 40 days of Viking data, representing some 89
cuts through the northem hemisphere auroral zone for which data are
available. For each pass, we identified the latitudinal positions of all
occurrences of upflowing ions, together with the positions of several types
of plasma populations. In contrast to previous studies showing the
statistical latitudinal positions of ion outflow, this database provides a
means to evaluate directly the relative position of ion acceleration with
respect to key plasma populations. This provides the opportunity to
evaluate in a statistically meaningful fashion the locations of ion outflow as
it maps into the magnetosphere. Previous analyses of this type have been
limited to a few case studies.

The results of this study were reported to the scientific community in
References 3 and 6. A copy of the manuscript for Reference 6 is attached
as Appendix A. Some of the principal results of this study are the
following:

On the dawn side, upflowing ions typically occur over a §
degree extent of invariant latitude. This is in contrast to theories
which predict auroral ion acceleration mechanisms to be limited to
very narrow regions, for instance in association with discrete auroral
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arcs, While some orbits do show only narrow regions of upflow (1
degree or less), others show a very wide latitudinal extent.

The dawn ion upflow is ordered by, and moves with, the
poleward boundary of continuous, > lkeV, ions. The
occurrence frequency distribution is centered on this
boundary, and is approximately symmetric about it. The
occurrence frequency distribution about the continuous ion boundary is
much narrower than the raw latitudinal distribution, and is
approximately the same width as the average typical latitudinal extent.
Thus the continuous ion boundary is closely coupled with the upflowing
ion location. The upflow is also well ordered, although not quite as
well, by the poleward boundary of continuous electrons. The locations
of the continuous ion boundaries and continuous electron boundaries
are well correlated with each other. The continuous ion boundary is on
average 1.5 degrees poleward of the continuous electron boundary.

The latitudinal width of ion upflow is well correlated with
magnetic activity (Kp and Ae). The average width during quiet
periods is 3.5 degrees, increasing to approximately 6 degrees during
active times.

The results obtained on the dawn side from the Viking data are
complementary and in general agreement with other investigations
performed for the dusk region using S3-3 data (References 2 and 7). It is
expected that these analyses of the locations of ion upflow with respect to
plasma boundaries will provide an important key to the understanding of
the mapping and plasma transport between the auroral zone and the outer
magnetosphere.

JON HEATING BY LOW FREQUENCY WAVES AND CDAW-9
SUBSTORM EVENT

Beginning with S3-3, data from polar orbiting satellites have indicated
that upflowing ions frequently contain strong signatures of transverse
energization., That is, in addition to the magnetic field aligned distributions
that result from acceleration by parallel electric fields, the ion pitch angle
distributions are often peaked at some angle other than the field aligned
direction. These distributions may be simple "conics" in which all energies
are peaked at the same pitch angle, indicating a transverse acceleration at
some relatively localized altitude below the spacecraft; or they may include
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more complex energy-angle structure such as results from combinations of
parallel and transverse encrgization over a range of altitudes.

In recent years there has been considerable interest in understanding
the transverse energization of ions through their interaction with low
frequency waves. The Viking data provide an excellent opportunity to
study this phenomenon in coordinated investigations with simultancous data
from other spacecruft. In particular, the ninth Coordinated Data Analysis
Workshop (CDAW9) provided an opportunity to investigate wave driven
ion heating at the time of substorm onset.

The Coordinated Data Analysis Workshop (CDAW) is an ongoing
program to gather data and investigators from a large number of space-
and ground-based instrument groups (o analyze one or more selected events
of interest in great detail. TP Jocus is often on substorm initiation and
dynamics. CDAW9-D addressed a substorm that occurred on May 4, 1986,
beginning as Viking and Dynamics Explorer (DE) were traversing high
latitude field lines near the dawn-dusk plane. Viking was in the northern
hemisphere near dawn, while DE was in the southern hemisphere near dusk
(see Figure 2). Shortly following the substorm onset, identified in the
Viking images at 11:53 UT, both Viking and DE observed "ion bowl" type
pitch angle distributions. Intense electric and magnetic field turbulence
was observed below the Oxygen gyrofrequency by both satellites. The data
would appear to indicate that global wave activity associated with the
substorm onset is responsible for the creation of the transversely energized
ion populations seen at both spacecraft. However, the time between the
substorm onset and the observation of the energized ion populations (4
minutes) is too short for any of the standard substorm models. As the
SCATHA satellite also observed magnetometer signatures from a position
sunward of Viking and DE, it may be that another interpretation is
required. The results of this study were presented to the scientific
community (Reference 4) and are the basis of an ongoing dialog among
many researchers associated with CDAW9.

In order to confirm the viability of low-frequency broadband. waves as
a heating mechanism for ion conic distributions, we have collaborated with
a number of investigators in comparing observed conic distributions with
theoretical predictions. A detailed analysis of one conic observed during a
cusp/cleft crossing has been performed and reported in Reference §.
Observed cool Ot distributions and observed wave intensities were used as

input to a Monte Carlo simulation. The hot Ot distributions resulting
from this simulation are in good agreement with the corresponding

13




obscrved distributions. We believe that these and other collaborative
investigations show that resonant heating by broadband low-frequency
waves is an important mechanism in the outflow of ionospheric ions into
the magnetosphere.

14
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EXTENT AND RELATIVE LOCATIONS OF AURORAL
ACCELERATION REGIONS I: POST-MIDNIGHT SECTOR

J.M. Quinn, A.G. Ghiclmetti (Lockheed Space Scicnces Laboratory)

R.N. Lundin (Swedish Institute of Space Physics)

ABSTRACT

lon data from the Viking satellite are used to identify auroral
acceleration structures in the post-midnight local time sector. The
locations of these ion acceleration regions are compared to four particle
boundarics inferred from the isotropic electron and ion fluxes. In the post-
midnight region, acccleration structures are often observed to occur over a
substantial width in latitude (59) and are statistically centered about a
boundary representing the poleward edge of contiguous energetic ion
fluxes. The position of this boundary with respect to other particle
boundaries and as a funiction of magnetic activity are also examined.
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1. INTRODUCTION

In this paper we consider the latitudinal location of auroral region ion
acceleration relative to various signatures of the surrounding plasma
populations. Previous statistical studies have determined the absolute
latitudinal positions of energetic icri outflow as a function of local rime.
Similar statistical investigations have been performed for most other key
auroral zone phenomena such as electron precipitation, electric field
structure, currents, and auroral emissions. However, only a limited
number of detailed case studies have explored the "instantaneous” relative
location of upflowing ionospiieric ions in the context of other auroral
features. Thus, although we know statistically the independent latitudinal
positions of many auroral zone plasma features, there is not a sound basis
upon which to draw conclusions regarding their "typical" latitudinal
relationship to auroral ion acceleration. In this paper we hope to provide a
bridge between the statistical and the detailed case studies by examining the
"instantaneous" relative locations of ion outflow to other plasma signatures
over a fairly large number (89) of polar orbital cuts by the Viking satellite.

The identification of auroral zone ion acceleration has generally relied
upon two techniques: the direct measurement of upflowing ions, observed
above or within the acceleration region, and the inference of upward
directed parallel electric fields above the spacecraft from electron pitch
angle signatures (e.g. Cladis and Sharp, 1979; Sharp et al. 1979). The
statistical morphology of the directly measured outflowing ions has been
extensively characterized using data from S3-3 (Ghielmetti et al., 1978;
Gorney et al., 1981; Sharp et al., 1983) and DE (Yau et al., 1984; Yau et
al., 1985; Collin et al., 1988). The average local time and invariant
latitude distributions presented in these studies are generally consistent with
the auroral oval, although there is significant variation with the upflowing
ions' energy and pitch angle character (beam vs. conic). While these
studies show that the absolute latitudinal range within which ion
acceleration is observed is quite large (> 10 degrees), examples from
individual orbits show the instantaneous latitudinal extend to be highly
variable, from less than 1 degree to greater than 5 degrees (e.g. Ghielmetti
et al., 1978).

Case studies addressing the latitudinal location of auroral ion
acceleration with respect to the high latitude signatures of various plasma
populations have provided a good deal of insight into the magnetospheric
context of the ion acceleration process (Winningham et al., 1975; Heelis et
al., 1980; Mizera et al., 1981). However, the identification of latitudinal
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structures observed by polar orbiting sateliites with features that have been
identified in the equatorial region is made difficult by uncertaintics in the
magnetic ficld mapping and by differences in the measurements imposed by
orbital constraints. An cxcellent review by Feldstein and Galperin
summarizes the plethora of (sometimes conflicting) terminology that has
been applied to plasma sheet morphology and highlights the difficulties in
identifying a self consistent picture.

In this paper we present the results of a statistical study of the
latitudinal location of ion upflow with respect to the signatures of the
ambicnt plasma population, as observed by the Viking in apogee passes
through the dawn-side auroral zone. A companion paper will present
camplementary dusk-side results from S3-3 (Ghielmetti ct al., 1990)

2. DATA SELECTION AND ANALYSIS

The data used in this study were acquired by the V3 hot plasma
instrument complement aboard the polar orbiting Viking spacecraft. This
satellite was launched into a highly eccentric orbit with a perigee of 817
km, apogee of ~13500 km , and inclination of 98 degrees in early 1986.
The spacecraft was spinning in a near cartwheel mode at 3 rpm and hence
full pitch angle distributions were obtained every 20 seconds. The
instrument included a set of three electron spectrometers orientated at 70,
90 and 110 degrees that covered the energy range from 10 eV to 40 keV in
less than 0.6 sec. Two ion spectrometers mounted at 90 degrees relative to
the spin axis measured the total ion fluxes in the range from 40 eV to 40
KeV with the same temporal resolution. More complete descriptions of the
instrumentation are given in Sandahl et al (1985).

The data selected for this investigation were acquired between April
24 and June 2 1986. During this 40 day period the satellite orbit crossed
the dawn side auroral oval at high altitudes (> 11000 km), thus maximizing
the probability for ion accelerations below the satellite (Ghielmetti et al.,
1978, Gomey et al., 1981). For the present study, we required the absence
of cusp like dispersion signatures in the ion fluxes. A total of 89 orbits that
met the above criteria provided near uniform sampling of the local time
region from ~06.00 to ~08.00 MLT, and latitudes from 65 to 80 degrees
ILA (Figure 1). The period selected is characterized by generally low
magnetic activity and is near the minimum of the solar cycle.

Ton and electron microfiche data in the form of color coded energy-
time spectrograms were visually scanned for signatures of upward flowing
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ions (UFI), and for presence of isotropic fluxes above a threshold level.
For the purpose of the present study an UFI region required the existence
of a pitch angle anisotropy with flux peaking in the upward direction on at
Jeast two consecutive spins for ion cnergics > 100 ¢V, Each contiguous
region of ion upflow was characterized by its extent in latitude, the typical
cnergy range of the UFI's, and the predominant pitch angle type (ficld
aligned or conical).

In addition to identifying UFI regions within cach orbit, we also
defined several latitudinal boundaries for the ambient plasma. In the more
cquatorward high latitude region ( <~ 70 deg ILA ) the keV clectron fluxes
observed with Viking typically decreased gradually with decreasing latitude
and did not exhibit a well defined flux discontinuity. Similarly, the fluxes
of > 1 keV ions were typically seen down to the lowest latitudes inspected
(< 63 deg) without any evidence of systematic discontinuitics. As a result it
is not micaningful to define an “inner boundary" based on some arbitrary
flux level in the particle distributions. However, at higher latitudes both
the electron and ion fluxes at energies > 1 keV typically exhibit cne or
several flux discontinuities that can be used to define a "poleward
boundary". Although structured fluxes of lower energy (< 1 keV)
clectrons were often scen to extend even further poleward, only the
energetic plasma boundaries were used for the present study.

To characterize latitudinally the location of the isotropic energetic
plasma we therefore introduce the following "boundary" definitions

D
-

Continuous Electron Boundary (CEB): The most poleward latitude at
which >= 1 keV electron fluxes were observed continuously at lower
latitudes (no gaps or flux dropouts at lower latitudes).

Poleward Electron Boundary (PEB): The most poleward latitude at

which >= 1keV electron fluxes were observed. (By definition, PEB is
>= the CE3).

3. Continuous Ion Boundary (CIB): Same as CEB, but for ions.
4, Poleward Jon Boundary (PIB): Same as PIB, but for ions.

In identifying the above boundaries a flux discontinuity was defined as
a decrease in the energy flux below the sensitivity threshold of the
instrument lasting for multiple (>= 2) satellite spins. Figure 2
schematically illustrates the boundary definitions together with typical
features observed in the electron and ion fluxes.

L]
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To illustrate the ion end clectron structures encountered we present in
Figure 3 a sample cnergy-time spectrogram for a near dawn auroral zone
pass. In this particular case the CEB was identified at 75.5 degrees ILA
and the PEB at 80.3 degrees, while the ion boundaries were located at 76.4
degrees (CIB) and 80.0 degrees (PIB). Upward flowing ions with ficld
aligned pitch angle distributions are szen to occur on every spin between
about 17:22 and 17:32 hr UT. This contiguous region of ion upflow shows
consistently ficld aligned distributions (beams) with energies from ~ 0.1 to
2 keV, while the flux intensitics and energy distributions vary noticeably.
In the present survey, the distinction between beams and conics, and the
cnergy of UFI, are not utilized, although as described above they were
included in the database.

3. RESULTS

Figure 4 provides an overview of the latitudinal locations of
upflowing ions observed over the period of study, together with the
simultancously identificd location for two of the particle boundaries. For
cach orbit, the invariant latitude range(s) over which upflowing accelerated
ions were observed are indicated by vertical bars. In many of the orbits
multiple, latitudinally distinct, regions of UFI were scen. As many as five
separate regions of UFI were resolved during individual orbits, indicative
of the significant amount of structure in the acceleration process. Out of
the 89 orbits studicd, only 4 contained no regions of UFI.

The polar boundary of continuous energetic ions (CIB), as defined in
Section 2, is represented on Figure 4 as a solid line, drawn to connect the
individual sampling points. The corresponding boundary for electrons
(CEB) is indicated by shading at latitudes below the boundary. The ion
boundary is seen to be generally poleward of th2 electron boundary, with
the average displacement between the two of 1.7 degrees.

Several features of Figure 4 are immediately apparent. First, for
individual passes, the identified regions of UFI extend over a latitudinal
range of many degrees. Second, the UFI scem to follow the locations of
the isotropic particle boundaries as they move in latitude. Finally, the two,
independently determined, particle boundaries track each other fairly
closely. A quantitative analysis supports each of these points, as witl be
shown helow.

A5




The occurrence frequency distribution in one degree invariant latitude
bins is presented in Figure 5 for the UFI identified in this study . Both the
latitudinal distribution and probability values are in general agreement with
previous statistical studices of the latitudinal distribution of UFI (c.g.
Gomey ct al., 1981; Yau ct al., 1984; Collin et al., 1988). Although
differences in instrument energy coverage, altitude range of sampling, and
phase of solar cyele make a quantitative comparison somewhat difficult, we
can conclude that the distribution of UFI identified in this study arc
consistent with the pzevious results.

As with previeus studies of UFI, the Viking data confirm that the
acccleration processes that are responsible for ion outflow are active a
large fraction of the time. Even a the raw distribution in invariant latitude
shows probabilitics greater than 60% in three of the 1 degree latitude bins.

Much morz sharply peaked distributions are obtained when the UFI
position 1s examined relative to the particle boundaries identified for each
orbit. Figure 6 shows the UFI occurrence frequency in 1 degree latitudinal
bins relative to the CIB. It is clear from comparison with Figure 5 that a
significant degree of ordering is obtained by relating the UFI positions to
the CIB. Clearly, it not surprising that such an ordering should be
obtained with respect to this boundary, or with respect to any other feature
that would br expected to move with the overail enlargement and
contraction of the auroral oval. Indeed latitudinal peaks that are nearly as
sharp, but with offsets, are obtained when the UFI positions are measured
with respect to the CEB.

The magnitudes of the 1 degree UFI probabilities represented in
Figure 6 are quite impressive, The peak probability of 88% that is
uncovered by comparison to the continuous ion boundary position is
significantly higher than has been determined by previous studies of ion
upflow, which have looked only at absolute latitude distributions and thus
were subject to significant smearing by common latitudinal motion of
auroral structures. It is worth noting, however, that even with the good
ordering shown in Figure 6, there are still 5 1-degree bins with higher than
50% probability for observing UFI.

From inspection of Figure 4, one might suspect that the approximately
50 FWHM distribution with respect to the continuous ion boundary (Figure
6) results primarily from the intrinsic latitudinal width of the instantaneous
UFI distribution. In order to verify this, we show in Figure 7 the
occurrence frequency for the integrated latitudinal width of UFI from each
orbit. This width represents only the sum of the individual UFI segments
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from cach orbit (pot the difference between minimum and maximum
latitudes at which UFI were observed). As anticipated, Figure 7 shows that
the integrated regions of UFI most commonly occupy an “instantancous"”
latitudinal extent of 4 to 5 degrees.

The isotropic particle boundaries defined in Section 2 were derived
from independent observations. In order to examine whether a
relationship exists between these boundaries we provide in Figure 8a
scatter plot of the latitude of the continuous ion- and the continuous
cleciron boundaries (CIB and CEB) for all orbits within the data set. A
lincar regression analysis yiclds a correlation coefficient r = 0.86, with
n=83, which is significant at < 0.01%. This good corrclation suggests that
the two boundaries move in concert. The CEB is, on average, offsct in the
cquatorward direction from the CIB by 1.5° The correlations between the
other isotropic boundaries are not as good but are nevertheless significant.

Further analysis shows that the isotropic particle boundaries move
cquatorward with increasing magnetic activity. Both the CIB and CEB are
well correlated with Kp and AE. A particularly good correlation is
observed for the CIB (Figure 8b) with r=-0.64 at < 0.01% significance. A
weaker but significant correlation with magnetic activity is observed for
the integrated latitudinal width of the UFI regions from each orbit (Figure
9).

4. DISCUSSION

The above observations suggest that the continuous isotropic particl~
boundaries as defined in Section 2 may be useful as a relative markers of
the latitudinal location of the auroral zone "plasma sheet" plasma. They do
not provide a definitive position of the polar cap boundary nor can they be
used to infer the instantaneous width of the plasma sheet. However, in the
absence of a clear identification of plasma sheet "edges", which is
particularly difficult in the dawn local time sector, these boundaries
provide useful flags for locating the position of UFI's and may prove
equally useful in defining the relative locations of other auroral zone
phenomena. The technique provided a successful ordering of UFI using
relatively objective milestones which do not require an interpretation of the
plasma features in terms of magnetospheric morphology. It is hoped that
this method can be used equally well for comparing the relative positions
of other auroral zone features.
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We note several features about the UFI distributions. First, the
observed occurrence distributions presented in Figures 5-7 must be
regarded as lower limits to the frequency of auroral acceleration. The UFI
technique and the selection criteria used here identify only those
acccleration regions that generate UFI > 100 eV at altitudes below the
spacecraft. Observations at higher altitudes (e.g. Collin ct al., 1988)
demonstrate that a significant amount of acceleration can occur above the
Viking apogee.

One of the key results is that the "instantancous” integrated width of
UFT is typically 4 to 5 degrees in latitude (Figure 7). This is not surprising
from examination of individual particle spectrograms that have been
published over many years from various polar orbiting spacecraft.
However the mapping of this extended acceleration region into the outer
magnetosphere remains a challenge. In particular, models which assume
that UFI are primarily gencrated within very narrow structures, such as
are associated with discrete arcs, are difficult to reconcile with the data
presented here.

A further result of interest in considering the magnetospheric context
of the acceleration regions is the shape of the UFI latitudinal distribution
with respect to the CIB (Figure 6). In particular, the distribution is quite
symmetric about this boundary, as opposed, for instance, to rising to a
cutoff at the boundary. This contrasts to the results of a similar study
performed in the dusk local time sector using data from S3-3 (Ghielmetti et
al,, 1990). If one assumes that the CIB is, or is related to, a geophysically
meaningful plasma boundary, then one might consider that the acceleration
is related to processes occurring at or near to the boundary. It is hoped
that future comparisons of these results with similar studies for other
auroral zone phenomena will help to shed light on both the mapping into
the outer magnetosphere and on the causality between the UFI regions and
the plasma structures.

A




REFERENCES

Cladis, J.B. and R.D. Sharp, Scale of clectric ficld along magnetic field in
an inverted V event, J. Geophys. Res., 84, 6564, 1979.

Collin, H.L., W.K. Peterson, J.F. Drake, and A.W. Yau, The helium
components of energetic terrestrial ion upflows: their occurrence,
morphology and intensity, J. Geophys. Res., 93, 7558, 1988.

Feldstein, Y.I., and Y.I. Galperin, The auroral luminosity structure in the
high-latitude upper atmosphere: Its dynamics and relationship to the large-
scale structure of the carth's magnetosphere, Rev Geophys., 23, 217, 1985.

Ghielmetti, A.G., R.G. Johnson, R.D. Sharmp, and E.G.Shelley, The
latitudinal, diurnal, and altitudinal distributions of upward flowing
energetic ions of ionospheric origin, Geophys. Res. Lett., 5, 59, 1978,

Ghielmetti, A.G., J.M. Quinn, and R.N. Lundin, Extent and relative
locations of auroral acceleration regions II: Pre-Midnight Sector, to be
submitted to J. Geophys. Res., 1990.

Gorney, D.J., A. Clarke, D. Croley, J. Fennell, J. Luhmann, and P.
Mizera, The distribution of ion beams and conics below 8000 km, J.
Geophys. Res., 86, 83, 1981.

Heelis, R.A., J.D. Winningham, W.B. Hanson, and J.L. Burch, The
relationship between high-latitude convection reversals and the energetic

particle morphology observed by atmospheric explorer, J. Geophys Res.,
85, 3315, 1980.

Mizera, P.F., J.F. Fennell, D.R. Croley Jr., A.L.Vampola, F.S. Mozer,

R.B. Torbert, M. Temerin, R.L. Lysak, M.K. Hudson, C.A. Cattell, R.G.
Johnson, R.D. Sharp, A.G. Ghielmetti, and P.M. Kintner ...... The aurora
inferred { om S3-3 particles and fields, J. Geophys. Res., 86, 2329, 1981.

Sandahl, 1., L. Eliasson, and R. Lundin, The hot plasma spectrometers on
Viking, KGI Rep. 077, Kiruna Geophysical Institute, Feb. 1985.

Sharp, R.D., A.G. Ghielmetti, R.G. Johnson, and E.G.Shelley, Hot plasma

composition results from the S3-3 spacecraft, in Energetic Ion
Composition in the Earth's Magnetosphere, Ed. R.G. Johnson, Terra

A9




Scientific Publishing Co., Tokyo, and D. Reidel, Dordrecht, Holland, 167,
1983.

Winningham, J.D,, F. Yasuhara, S.-I. Akasofu, and W.J. Heikkila, The
latitudinal morphology of 10 ¢V to 10 keV clectron fluxes during
magnetically quiet and disturbed times in the 21G0-0300 MLT sector, J.
Geophys. Res., £0, 3148, 1975.

Yau, A.W., B.A. Whalen, W.K. Peterson, and E.G. Shelley, Distribution
of upflowing ionospheric ions in the high-altitude polar cap and auroral
ionosphere, J. Geophys. Res., 89, 5507, 1984.

Yau, A.W., E.G. Skelley, W.K. Peterson, and L. Lenchyshyn, Energetic
auroral and polar ion outflow at DE 1 altitudes: magnitude, composition,

magnetic activity dependence, and long-term variations, J. Geophys. Res.,
20, 8417, 198s.

ACKMNOWLEDGEMENTS
This work was supported by the Office of Naval Research under Coniract
N00O014-86-C-0159 and by the Lockheed Independent Research Program.

A-10




FIGURE CAPTIONS

FIGURE 1. Invariant latitude and magnetic local time orbit tracks of
Viking for the 89 auroral zone crossings anaiyzed in this study.

FIGURE 2. Schematic spectrogram illustrating the encrgetic plasmna
boundary definitions used in this study. CEB and CIB are poleward
boundaries of latitudinally contiguous fluxes at energies greater than |
keV for electrons and ions respectively. PEB and PIB are poleward
most limits of all fluxes with energies greater than 1 keV.

FIGURE 3. Spectrogram of clectron (top panel) and ion (bottom) panel
fluxes during one of the orbits of the study period.

FIGURE 4. Latitudinal locations of observed upflowing ions from each
orbit are indicated by vertical bars. Many orbits contain multiple,
distinct regions in which UFI were observed. The poleward boundary
of contiguous isotropic energetic ions is indicated by the solid line.
The poleward boundary of contiguous energetic electrons is denoted
by shading below the boundary.

FIGURE 5. Occurrence frequency of upflowing ions in 1 degree bins of
invariant latitude. Background shading in 5 degree increments, is
provided to guide the eye.

FIGURE 6 Occurrence frequency of upflowing ion in 1 degree bins
relative to "instantaneous" position of poleward boundary of
continuous energetic (1 keV) ions. The distribution with respect to
this boundary is significantly more peaked than the raw distribution in
invariant latitude (Figure 3).

FIGURE 7. Occurrence frequency of the integrated latitudinal width of
all regions of upflowing ions for each pass.

FIGURE 8. Scatter plots with linear regression fits for the Continuous Ion
Boundary vs the Continuous Electron Boundary (top panel); and for
the Continuous Ion Boundary vs. the AE magnetic activity index
(bottom panel).

FIGURE 9. Scatter plot of integrated width of upflowing ion regions vs.
magnetic activity index AE.

A-11




Orbit Tracks

iking

\'

b 1

30

apniiie] ueLeAU|

Fig 1

A-12

10

Magnetic Local Time




ENERGY

CEB PEB

- \ '

Ions - ‘ {

(hg
ORI

AL

\ VAN

o

* =} ').‘;-u
Y.

70 75 80
INVARIANT LATITUDE

Fri7 2

A-13

85




b
i
lr\\\
,.f
Q)
.
. ,
.
.
.
,
-
. g
i .
L
i- R
¥ -
w -
i ——

o . ¢ - >

o -
. < . a ° a . - .
»
)

o . - A
o N W B ' .

., - ., .

> " -

< . > - =) B - .
> < > °

o P Q

% e S

~

/.N N ) N 0

R 3 - .
2 4] .
‘ o N 3
Avv.»« ‘ “~ B
N ' -~
- . ) _ //(\
. -
o o o [ X
] N & ~
R .

. o N

[
S
<O
)
-

.
y « -
Q- *
G - P e ‘ )
. ‘s " e e = a
e ‘
< o . ‘ e
L KR ¢ " o
- -
< o < ¢
s @ < -

N aat VSR sumns WSUNY Suut VRIS Mt SRSV Znnn S

I T s VUV e O o WOE S U e TR S VU S VY s W P S W B M




9861 ¥VHAX 40 AVd
129" 124! 12! 144! 148!

[ AU W T U U S (U S Y U SN SR ST U S I SN SN W G S 1

) A A A 1 P Sy A

0L

A-15

Q)
~
HANLILYTINVIIVANI
EFr 3 Y

G8

T T Y

-9
uojg

BUWISB[J A9 [ <
SNONUIIUOY) JO JIWIT PIEMI[0] Ha- T




OCCURRENCE FREQUENCY OF UFI

A 60 70 80 90
INV. LAT.

Fl; 5

A-16




1 O AAAAAAAAA U SN U WY Y WY U G WY G G G G I G U S G Y
.

0.8 |

0.6 -

04 J

OCCURRENCE FREQUENCY OF UFI

0.2 1

LAu uhl SIS SER o

-10 -5 0O 5 10

INV. LATITUDE RELATIVE TO
CONTINUOUS ION BOUNDARY

| Fig 6

A-17




03 VY S ST G VN YU YU NI U UL U VY U U W WA VIS VALY WY VI U WS VY G S S S ¥
.

S
O
Z
jAd]
—
o
2 0.2 - !
{r,
aa]
QO
g
-
O
Q
S
0.1 - i

vvvvvvvvvvvvvvvvvvvvv

TOTAL LATITUDINAL WIDTH

Fl'? #

A-18




85.00
83.00
8t.Q0

Q 70.00

801l

5 71.00

by

.75.00
73.00
71.00
§3.00
§7.00

€5.00

85.00
83.00
81.00
79.00
77.00

ongHol-3

75.00
73.00
71.00
69.00
67.00

65.00

R

REICUTS:

14,14

—

— e

65.00 67.60 €9.00 71.00 73.00 ?75.00 ?772.00 79.00 81.00 63.00 85.00

C-ELEB

NO

T

HEIGRTS,

NCKE

1

0.

11

0. 220.

= } g

fE

A-19

330. Uyo. 550. 660. 770. 8

80.

980.

1100.




- O

REIGHTS:

NCNE

X X

110. 220. 330. 4®O. S50, 660. 770. BBO. 980. 1100.
RE

Fl'g 4

A-20




' ,
. .
;

APPENDIX B

ABSTRACTS
Or
PRESENTATIONS




The Latitudinal Location and Extent of Ion Acceleration Regions in the Post-
Midnight Sector.

i i i (Lockheed Palo Alto Rescarch Laboratory, 3251 Hanover St., Palo
Alto, CA 94304)

R. N. Lundin, (Swedish Institute of Space Physics, Kiruna, Sweden)

We report on the latitudinal distribution of accelerated upflowing ions as observed in a series of
asses of the Viking satellite in the midnight to dawn local tme sector. The location of upflowing

1ons is compared to various particle boundaries inferred from electron and ion signatures. On an
orbit by orbit basis, the ion acceleration is found frequently to extend over a broad latitudinal range
(several degrees). Typical upflowing energies are observed to be less than or on the order of 1
keV. The Viking results are compared with similar observations made from S3-3 in the dusk local
time region which show ion acceleration regions occupying 50% or more of the latitudinal width of
the plasma sheet approximately 1/3 of the time.

Fali 1988
American Geophysical Union
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Jon Heating by Broadband Low-Frequency Waves In The Cusp/Cleft

M. Andr® (Swedish Institute of Space Physics, University of Umea, S-901 87 Umea, Sweden)
G. B. Crew (MIT Center for Space Reseirch)

W. K. Peterson (Lockheed Palo Alto Research Laboratory)

A. M. Persoon (Department of Physics of Physics and Astronomy, University of Iowa)

C. J. Pollock (Space Sciences Laboratory, Marshall Space Fli~ht Center)

M. J. Engebretson (Augsburg College)

Ton conic distribution functions are often observed in the cusp/cleft region of the dayside
magnetosphere by the polar orbiting DE-1 and Viking satellites. We show that these ions can be
heated by resonant interaction with broadband low-frequency (near the ion gyrofrequency) waves.
Data from one crossing of the cusp/cleft by DE-1 is studied in detail. There is very good
agreement between the onset of low-frequency waves and the onset of ion heating. Observed cool
0* distributions and observed wave intensities are used as input to 2 Monte Carlo simulation. The
theoretically obtained heated Ot distributions are in good agreement with the corresponding
observed distributions. The mean ion energics of about 200 eV obtained from the simulation agree
well with several minutes of observations, corresponding to a distance of riearly 1000 kilometers
along the satellite orbit. The 0F distribution functions from both simulation and observations show
that heating near the equatorward edge of the cusp/cleft region is raticer local, while ions observed
inside this region may be heated over altitudes of several thousand kilemeters. This resonant
heating by broadband low-frequency waves is important for the outflow of ionospheric ions into
the magnetosphere.

Spring 1990
European Geophysical Socicty

B-2




Coordinated Observations of Low Frequency Wave Turbulence and Ion
Energization during a Magnetospheric Substorm

H. L. Collin (Lockheed Palo Alto Research Laboratory, 3251 Hanover St., Palo
Alto, CA 94304), G. B. Crew (Center for Space Research MIT), M. Andr2 (IRF, Umea,
Sweden), J. Woch (IRF, Kiruna, Sweden), P.A. Lindqvist (Royal Institute, Stockholm
Sweden), M. J. Engebretson (Augsburg College), A. M. Persoon (University of Towa), and
R. E. Erlandson (APL)

On May 4, 1986 near 1200 UT the Dynamics Explorer -1 Satellite crossed the mid-altitude
(r/Re ~ 4.6) moming side auroral zone at 1700 magnetic local time. The onset of a
magnetospheric substorm has been identificd in the Viking images at 1153 UT. About S minutes
later an intensification of low frequency (less than 2 Hz), magnetic and electric field wrbulence was
observed on both satellites, Perpendicularly energized, upflowing ion distributions were observed
during the interval of intense wave trbulence on both satellites. The mass spectrometer on DE-1
showed that the heated ions on the moming side were primarily oxygen. No mass spectrometer
information is available from Viking for this interval.

These observations suggest that the low frequency wave turbulence observed between ~ 1156
and 1158 on both satellites energized upflowing oxygen ions by the ion cyclotron resonance
mechanism and that the intensification of the turbulence at this time is a global feature related to the
geomagnetic substorm,

Fall 1989
American Geophysical Union
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J. Introduction,

The V3-DSF contains a summary of the fon and electron data from the
Viking spacecraft. The data will be stored on the DSF-tape in such a form
that a detalled analysis with physical parameters requires updated
calibration factors and some simple computatfons described in Appendix
3. The idea of Introducing separate computations for the moments of the
distribution functions was to allow for a more flexible use of the V3-DSF
data, as well as to facilitate the identification of erroneous data.

Since the particle data requires the magnetic field as a reference
parameter, the V3-DSF also contalns magnetometer data (the Bx,By and
Bz components in the satelllte frame of reference ) sampled every ~ 1.2's,
The pitch angle of the particle fluxes can then be easily calculated from
the scalar product formula given In Appendix 5.

Y-3J DSF Data Block,
A schematic of the V3-DSF data block structure (s given in Appendix 1
and a more detalled description of the content is given in Appendix 2.

Each data block contains data sampled during = 2.4 s for electrons (ESP
1, see eg the Viking blue buok), positive lons (PISP1/2) and low energy
H* He* and 0" (from ICS1/2). The data block also contalns some fon (luxes
of selected masses from the time of flight mass spectrometer.

The ESP1 data section (word 10 to 17) consists of accumulated counts
sampled in 16 energy levels within the energy range = 0.01 to 40 keV. The
accumulated counts are compressed in 8 bit words, the true total number
of counts given by the formula in Appendix 2. The ESP1 spectral
Information is repeated twice in each data block. Thus electron spectral
information will be given with a time resolutionof = 125,
corresponding to a pitch angle Interval of about 21°,

The PISP1/2 data section (word 18 to 25) has a data structure that Is
similar to the ESP1 section. Notice, however, that this data comes from
two separate fon spectrometers with a great difference in conversion
factor (see Appendix 3).

For both ESP1 and PISP1/2 data it is necessary to use separate energy
tables depending on which working mode the Instrument was in. The
energy tables are tabulated in Appendix 4. Notice that the modes of
operation can be determined by wvord 4 in the DSF data block. Particle
fluxes can be deduced by the simple formula in Appendix 3.

Words 26 to 29 and 58 to 61 in the DSF data block qives some partial
c~2




. e

19 September 1985

moments of the electran distributfon function (number flux and energy
flux per unit solid angle within the energy range = 0.01 -40 keV) deduced
every = 0,6 s (consecutive readouts denoted “1° and “2" in Appendix 1).

Examples of how net currents, energy fluxes, mean energies, and
number densities can be deduced from these partial integral quantities
2re given In Appendix 3.

In @ similar way words 30 to 35 and 62 to 67 gives the partial integral
quantities for fons of some selected masses Integrated over the energy
range = 0.05 - 20 keV/e. The integration time is here = 1,2 s, Notice that
the partial integral quantities are written as 16 bit words using the
special floating point algorithm in Appendix 2.

Words 36 to 4! and 68 to 73 in the DSF data block finally gives the
time of flight data for some selected fons at energies > 30 keV. The
energy level for each sample is represented by the £/q step word. Again
notice that accumulated counts are obtained from the algorithm in
Appendix 2 for 8 bits data.
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PPENDIX
mary {ile block /bl
word (-----==-- — 16 dbits >
1 yoor| dsy | hoyr
2 min | sec
b msec
4 mode status
S status error
6 mode change
7 magnetometer B,
8 magnetometer B,
9 magnetometer Bz
10 N=1 N=2 (42)
11 N=3 (43)
13
\ 14 ESP 1} ESP 1
15 data data
16
17 N=15 N=16
) 18 N=| N=2
PISP 1 PISP
N=§
22 Ne| N=?2 “2.458
PISP 2 PISP 2
N=8
26 tlectron number flux 1
Electron number fiux 2
28 Electron energy flux |
Electron energy flux 2
30 H* number flux
31 Het number flux
32 0% number flux
33 yt energy flux
34 Het energy flux
35 0" energy flux
36 TOF H' (cts) TOFZ> 1
ToF o TOF Het
E/q step HIT(M1+4M24AS)
TOF H* (cts) TOFZ > 1
TOF 0* TOF He
41 E/q step HIT(M1+M2+AS)
42
L As above for frame 10 ~ 41 |,
7 P
73 T ]
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APPENDIX 2.
V3-Data summary file
word content
1 bits 14-15 : year
bits S5-13 : daynumber
bits O- 4 : hour
2 bits 6-15 : minute
bits 0~ 5 : second
3 milliseconds
4 bit 11 tin flight calibration (1 =on)
bit 10 : preacceleration (1 =on)
bit 8-9 & mode status ESP (0-2)
bit 6-7 :mode status ICS1/2 (0-3)
bit 4-5 :mode status SECPISP (0 - 3)
bit 2-3 ¢ mode status PISP (0-2)
bit 0-1 : mode status ICS3 (0-3)
5 status error ( =0 <=) no error)
bit 0 = { =) ESP bit § = 1 =) PISP
bit 2 = | =) [CS1/2 bit 3 = 1| =) ICS3
bit 4 » 1 =) SECPISP
6 mode change ( =0 <x=> no change)
bil 0 = | => ESP mode changed bit 1 = | =) PISP mode ch.
bit 2 = 1 => ICS1/2 mode ch. bit 3 = 1 =) ICS3 mode ch.
bit 4 = 1 => SECPISP mode ch.
7 B, magnetometer
8 By magnetometer
9 B, magnetometer
10-17 : ESP1 data (8 bits data)
18 - 21 ¢ PISP1 data (8 bits data)
22~ 25 : PISP2 data (8 bits data)
26 Electron number flux ( at time = t, ,16 bits data)
27 Electron number flux ( st time = t,+0.59 s , 16 bits data)
28 Electron energy flux ( at time = t, , 16 bits data)
29 Electron energy flux ( at time = t,+ 0.59 s , 16 bits data)
30 HY number flux (16 bits data)
31 He' number flux (16 bits data)
32 0* number flux (16 bits data)
33 Ht energy flux (16 bits data)
34 He' energy flux (16 bits data)
35 0% energy flux (16 bits data)
36 - 41 MICS/Y data (8 bits data)
42-73 As above for word 10 - 41, starting time(t,) =1.185 s after

time definedinword 1 = 3

Word 1| - 7313 repeated 56 times per record

8 bits data: value = (IAND(IY,15)+16, )#2%=|AND(ISHFT(IY,~4),15)~16.

16 bits ¢ value = (IAND(1Y,1023)+1024, )223=|AND(ISHFT(IV,-10),63)-1024.
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APPENDIX §

Energy levels for ESP] and PISP1/2:

ESP1 (keV) PISPI  PISP2

N HodO Hode!  Mode2  (ke¥)  (keY)

1 0 009 025 _ 0057 184

2 0 016 033 0090 289

3 0015 024 042 0139 446

4 014 037 057 0216 692

5 032 0S5 079 033 107

6 060 078 105 0520 167

7103 120 130 0806 288

& 165 LIS 185 125 400
t 9 260 250 2.65
10 39 390 3.90
E 1t 560 560 5.60
Lf 12 820 820 8.20
3 1 19 1.9
4 182 182 18.2
IS 252 252 252
16 365 365 36.5

Conversion from counts to flyxes:

Flux (cm™2s™! sr™1 kev™): JEBY = REB) /7N ¢
Number Flux (cm™2s™! sr™1):  B(B) = Ny(B) *K;
Energy Flux (ergcm™2s™" sr™1):  F(B) = NlB)* Ko
€2
where: No(B) = I JEE,B) dE
El
£2

Ne(B) = | EXJ(E,B) cE
£t

Cc-6 -
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B is the pitch angle, E Is the energy, ¢ is the accumulation time,

R(E,B) is accumulated counts in_the energy channnel E and pitch angle 3,
C(E) is the conversion factor, N(B) is the number of counts {ntegrated
over the entire energy interval of the spectrometer, and K, and K, are

constants.
Preliminary Conversion factors. constants and viewing directions.
ESPI:  C(E)=S5.7®107°*E (cm? srkeV/cts) ;E InkeV
Kl =1,
Ko = 1.602%10712
ts =0.074s
s = (0.866,-0.500,0)

PISPI: C(E)= 1.8%1073*E (cm? sr keV/cts) ; E inkeV
ts =0.149s

s = (0.866,-0.500,0)

PISP2:  C(E) = 1.4%10™%E (cm?sr keV/cts) ; E inkeV
tg =0.149s

s = (0.866,-0.500,0)

Ko = 1.602%10712
§=(0,1.,0)

Pitch angle calcylation.

The pitch angle is obtained by simply taking the dot product of the
instrument viewing direction g and the magnetic field vector B in the
magnetometer frame of reference:

B = cos™( §+8/ B.)
=(R 2 2, g 2172
where  B. = (B,“ + B,“+ B,)’

and B (By,By,By)

Moment Calculations.

Preliminary values of some hot plasma moments and other related
plasma quantites can be obtained from the V3-DSF using the following
formulas:

c-7
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Number density (N) Is obtained from:

- N

Nec, ] J JEBE2 sinp op e (em™)
00

where Cy = 1.06%107'?  E s ineV, B is the pitch angle and the

integrations are per{ormed by summing over the 16 energy intervals and
8 to 9 pitch angle intesvals,

&6 8
{cg N=Cy 2 2 J(E,B)E V2 sinBy aBy 8E; )
lel kei

Number flux (@) is obtained from:
n

8= nI B(B) sin28 dB (cm2s™")
0
A nonzero value of @ means a net transport of particles ( within the
energy range of the measured species) parallel or antiparallel to the
magnetic field direction. Parallel currents can be deduced from the
formula:
fy= 1.602%107 (6, - B)
where the subscript “p” and “e” stands for positive ions and electrons
respectively.

Energy flux (E) is obtained from:
n

E= nI F(B) sin28 dB (ergcm™2s™)
0
As for the number flux, a non2ero value of the energy flux means a net
transport (up or down) of energy flux.
Notice that a calculation of the particle deposition into the upper
atmosphere requires knowledge of the loss cone half angle (Bc), as well

as a detalled l.nowledge of eg acceleration processes between the
satellite and the upper atmosphere.
Finally the mean energy of the particle flux can be obtained from:

CE>= F(B)/ BIR) %6.24 ®10! (eV)
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. ® merdes can be cianged on a nearly realdime
e 1 ln ro ram basis in vrder 10 concentrate un special phee
aomena that inay be oceurring at the mos

ment. Another unique feature of this pro-

he Vtkmg Science Team! gram is the data distribution system to the ine
. . .. ternational camtiunity of scientists. A series
ntroduction l;"ﬂl‘):’)’ KK{“‘}{* teamy from S\:'cdcé\. ("Ia;ﬂ of quick look plots (QLE) is produced and
< . SY) ens. 13 Denmark, France, Norway, the Unitee distnbuted on s wechly busis to any sientist
Sweden’s finat aatcllite, Viking, was sucseass  gigieq and the Federal Republic of Germany. i the wotld fur a ;m:{l charge. ‘These plots

J oy . .
C’#":: ‘::;?':,d m'd’f!:;u(::{; ;',':‘9 3?‘ ?‘O‘I‘.:': All booms have been deployed. all exeric contain summanes of the information ac
: e YT by i Artneh  mienta have been activate and checked 20t quired by =i} Viking fnaruments, The goal is

:mf:cc ’f'::::;f ";‘;“;": Feenc! %aa"; '\?f and they are now conducting micassitements. g wspire interest in the Viking data from the
S e this o Telemetry data from Viking are reccived — jyiernational scientific community.
ing's perigee boost motor placed this telas 50 arocessed on a real time basis at the Es-
tively small satelline (=520 hg)into 2 finad 817 pyuciraching ststion located near Kiruna,
‘,’“ by 13.537 bin ‘)"‘"" orlat, “'}"‘ " Ieont Sweden, above the Arctic dircle (the red circle - Scientific Objectives
Lo prcesesin the magnctsphere g e covet ibraion). These s are re
NN Preceascs i the magactipticte 3nd - ueed and displayed by computer graphics —_—

asphcre of the carth, l":t: ztg lz‘:;: carrics mhni]\l:! immediately after reception at the r“?'img::m' ;'i(c:nalma:::hh( amongul:tc v;:ou
EXPENMCnts 10 Fesure clecinc ickls, mags  grqupd station. Scientists engage in collabora- A 10 the counling of con © b

ctic fickle, charged particles, waves, and aue  pe analys’s of the space plasma phenomear  1OMEN3 related 1o tne caupling o cncrqy
oeal images. "Thow experiments were sup- h tween the sun and auter space with the lower

at neatly the insant they are observed. Spe. ; !

, . cial "campaigns™ are conducted that focus on atmpsphere and ionosphere. This it because
The membxees of the Viking Sclence Team : \ : ; the auroral aones are the (ocal points for this
ste listed 10 Table 3 special seientific topics and coordinated ob- Senositi hich b 101

¢ isted i Table . scrvations are made with surface, balloon, ~ S"CTEY Ccposition, which can reac

rocket and acher sacellite programs, The Vie w3, The most spectacular manifeststion of

Ling program is unique because experiment  'hit phenomena s the northern lights or au-
R peog 9 pe rora, which have been studied for centuries

. . , by Scandinavisn scientists such as Anders Cel-
TABLE L. Viking Orbic Faramctens sius, Kristian Bickeland, Christopher Han-
steen, Anders J. Angsiedm, and flannes Alf-

Farameter Value vén,
o, "The auroral regions encompass a dynamic
I““‘ °r’l"!'8‘£ N Nl';“g.;’ ;JT' and complex system of plasmas that interact
r"‘?‘“ ﬂ‘." e, i ':n k'" with magnetic fields and clectric currenu,
r‘m titude, km 262 m 44 b Figure 1 is 2 schematic view of some of these
" Tt o8 'B“."'( Ahn)  amplicated phenomena; Viking appears to
nchination : have passed over this type of configuration.
‘The Viking program is directed at under-

A over North Pole region in Summer  standing large-scale phienomena, such as plas.
1986; over South Polar Regon in Summer  ma convection, global current systems, and
1987, auroral morphology, as well as small-scal=

*On February 22, 1986 and microphysical problems, including pani-

Fig. 1. A schematic view of the com-
plex plasma processes accurring on the
geamagnetic fines that couple the magne- VIKING QUICK LDOOK PI O
wnplicre and aurorsl ionosphiere {adapred 2. i
fram Saence Difimnion Working Group, 'G - ORBIL NO. 01/6
1979). Viking appears 1o have passed over
a similar region of upward Rowing fons
and wave activaty during an orbig on oom
Mareh 26, PUBG, at approximately 20:40
U and atu 700 ken altivude. Theae data "
are discussed further in the anticle,

- . AN F1. 3006 DAY Qe e s — v r——

n

- —

i

- msam————— - % ~ = R S — - . - -

Cover, Attist’s vicw of Sweden's first sat- =~
clite, Vikitg, in polar orlut abuve the
carth. Viking was launched into a 817-km
X 13.527km polar othit on Februarey 22,
1946, by an Arane 1 booster and is pees-
enly conducting incaurements of space
plasma phenumena in thie auroral and po- o et
lar regions. ‘The location of the Esrange e A . - .
ground station near Kieuna, Sweden, is in-

diciend by the ced dot. For more informa. = e e —
e o the Swedislospacecrafo and its as. y
sictates] saentilic expetimenty, sce the ar.
ucle *The Viking Program® by ithe Viking
Science Team, p. 793. Results from the
Viking mission will also be presented at
the AGU Fall Mecting/ASLO Winter
Meeting on Monday, December 8, 1986.
For details on scheduling, sce the mecting
summary chart on pages 799-802,
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Fig. 2. An example of the first page of the five-page st of Viking QLPs for orbit 176
on March 25, 1986. These plots are produced within 2 few hours of the data acquisition at
the Esrange ground station. This is the preliminary form of the Viking data that is being
distributed to the international scientufic community. Sce the text for details of these data.
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Fig 3. Energy-tme spectrogeam of dats from e particle experiment (V3) during the
Viking crossing of the 2vening auroral 2one on March 25,

1986, as showa in Figure 2,

cle acccleration processes, wavesparticle inter-
actions, shock structure, finestructured cur.
rents, el anroeal kilometric radiation
(ARR). Vilang was sprecifically deapned w
perlorm lngheresulution measnrements of
clectric lields, magnetic ficlds, energetic pare
ticles, plasina waves, and ultraviolet eiise
sions. The orbit was chosen o sample the au.
roral plasinas at intermediate altitudes (1-2
Ry) that are nut usually explored by suellites
and whete a wealth of interesting processes is
predicted to meur, induding the key medha-
nisis responsible for the acceleration of au.
roral particles. "The Viking spacesradt amd its
cotmplement of mstsuments e describwed
and sume eximples of the recently aequired
data are presented in this article.

The Viking Spacecraft

The Viling spaceeraft in its deployed con.
figuration is illustrated on the cover, ‘This

drawing shiows the two 2-a:dong radial booms
used for the mag.. tic field and plasma wave
experitnents, Alss g'iown are the four 40-m-
lony wive boomns sl twe Banclong axial
booms used or the electtie lield expreriment,
Thie Huxpgate magnetic lield sensor is located
atthe end of the thick boom painting up,
and the search coil magnetometer sensor is
tocated at the end of the thick boam pointing
dowa. "The “whiskssluped™ plastna wave -
tenas are loced near the end of cacle vigicd
boosi. “he satellite’s spin axis is pes peentlicus
Lar to the two pagad booms wud i approxi-
wately botizontal in the cover deawing. "The
particle deteaons anmd UV wiager cmeras sue
locaied with the solar panels along the many-
suled vatside edge of the aatellite, and heir
ficlds of view are directed radially away, In
its stowed launch conliguration, Viking was
about 05 m high and 2w in diuneters it
weghied 520 ke, including 263 kg lor the
prerigee boost mator.
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Power is supplicd by cight beadyfixed salar
arrays, wotly o battery aviding backingy prawe
er tunng edipaes “Lelemetry s provided by
ate ¥ Land Dk g s S Abidadata rate. Data
are received on a cealime bavs at the B
range ground sation. A spin rate of 3 rpin s
maintained by magnetic coil torquers com.
utianded Tronn the goomnd, Some alit o
tevistiex loe Vikiog e luted i able 1

The Viking Scientific
Instruments

V1: Electric Ficld Experiment

‘The de clectric hield is messuret by three
arthoganal paies of splictical probes, “The
probes are mounted i she tign ol foue Ran
wite bontne i tee apin plane of the cacllie
and at the lir: of twer tigied Aan uxial bogans
along the spin axis. "This allows the poibility
ol measuring the instantancous thrcedimen.
sional clectric fickd veaur. One paic of probes
in the spin planc is sl used, on a timesshar.
ing baadis with the fowFregquency Wave Exe
petiment (VAL), 1o measure plastna dentity
Hluctuations. ‘The sampling ratc of the VI cx-
pu’imcm is cither 53 or 106 samples per scce
ol

V2: Magnetic Field Experiment

‘I'he Viking Magnetic Ficld Experiment ine
cludasa Huxgate magnetometer system with
the sensrs imovateel on a0 2an edial oo 1o
reduce spacecralt rebated mcasurement er-
rues. ‘The experiment has four automatically
awitchiable runges, from = 1024 Wl
265,536 iy (Tull seale) andd resolutions come
mensneiite witle i 18Dan sagalag tes diganal (A7
D) tomventer inewh ange (CO2G 0l e 1R
W), Approxisnately 5% vectoe Sanples are g
yuired per sccond. "This experiment is similar
ta the AMITTEICCE (Active Magnetosplicric
Pacticle "Tracer Exploted/Charged Compuni.
tae Exploree) wignetic hield experiment, exe
cept shat the fatter instrumnent fius three addie
tional ranges, extending to =16 o'l [Potemra
et al,, 1985). ‘The Viking Magnctic and Elec-
tric Ficld Experiments (VI and V2) can be
samnpled at the sane rate (938 <amples per sece
o) 1o determine whether the variations are
due 10 fline-scale currenis or waves,

V3: Hot Plasma Experiment

The particle expreriment convists of a large
number of instruments that allow measure-
ments of

® clectrons with spectral resolution AEIE ~
0,05, from 10 ¢V 1 40 keV;

@ clectrons with angular resolution da < 2°
froan (L1 keV 1o 3tH) keVs

® cnergy and pith angle distributions of
ions AE/E ~ 0.08, Aa = 6 from 49 eV 10 40
keV:

o three-dimensioml disteibuion functions
ol s from the satellite potential w 10 keV;
and

& compusition, encrgy, and pitch zugle dis-
tribution of ious up ts 10 McVinucleon,

All these measurements G be made sinufta.
neously,

V4L: Low-Frequency Wave Experiment

The wave experiment is divided into two
parts, depending upon the lrequency, The
Low-Freguency bxperiment (V4L) measures




Demity
piobe 1 8
(H2)
424

Oensity
pobe | B
({TH]

|
21:00

20:28

| |
2110

Universal time, March 25, 1296

20:)9 20:40
Un:versal timae, Macch 25, 1946
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waves up to about 10 kHz. V4L, can process
simultancously two wave signals that may
come from any of the clectric ficld antennas,
from a magaetic antenna measuring
Nuctuations in the direction of the spin axls,
or from the V1 experiment. One of the (wo
signals can be processed by an onboard DFT
(digital Fourier transform) analyzer and a fil-
ter hunk comprising three filters. The wave
fogm of benh of the signals can be sampled
with the Nyquist freqquency of 214 Hz ur 428
Hz. V4L also measures the plasma density by
sweeping one of the density probes.

V4H: High-Frequency Wave
Experiment

The High-Frequency Wave Experiment
{V411) hus two sets of cight filters cacli, with
center frequencies from 4 kllz wo 512 kilz,

- and i pair ol stepped requency analyzers
from 10 kiz to 510 kliz. Analog signals are
pravided by ane of the electric lickl antennas
or fram the magnence loop wtenna, There
are who mnual impedance and resomance
sotneler experine as for measurements of
the plasina denswz, Che igh-frequency sig-
nal can be fed through the DFT-analyzer of
V41L.. This increases the frequency resolution
- from | kHz e 100 12 for studes of the fine
structure of AKR.

¥5: Ultraviolet Auroral Imager

An important link between the ground-
based and satellite-borne measurements is

provided by the Ultraviolet Ay mager
{V5), which has two cameras ¢ g A the
wave length of O (1304 A) anes . the Ny Ly-
man-Birge-Hoplicld (LK) bands in the re-
gion of 1400-1600 A, Typically, an image is
acquired from a single camera every 40 sce-
onds, and 1n speaial cases, one picture may be
transmatted or every spin peried (20 3) of
the satellite. Tlus 1 3 magor muprovesnent
compared to previnus satellites, and the dy.
namic behavior of auroral forms may be
studied at much shorter ume constants.

A summary of the capabilities of the Viking
scientific instruments 1s given in Table 2,
alang with the names ol the principal mvestis
gators tor coth,

The Viking Ground Station

The ground station of Viking is located at
Esrange, cluse to the northern border of Swe-
den (s shuwn i the cover). Since the space-
et canties no tape veender, observations
are acquited only whea it is i view ot the
teac kg stationn: Measumements can be wade
continuously [rom the ume when Viking
comes clese to the avroral field lines (when it
is above the polar region) until the time when
it leaves the auroral field lines on the other
sitde of the pole.

A central computer system in the Esrange
station produces raw data iapes, data summa-
ry files, and quick look plots. A scienufic cen-
ter 15 1n place at the ground station at which
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cxpenmenters have their own computer
cquipment {or rapid data reduction, testing,
and preliminary analysis. Speaial Viking cam-
pagns are scheduled and conducted to speed
up the data analysis and to encourage the ine
teracuons among the partkcipaung sienific
groups. The saicitific themes of the cam:
pargns have been planned en the basis o1 the
region of geaspace samplzd by Viking and
the possibiliies of making coordinated mea-
surements with ground.based, balloon, rock-
ct, and other satellite programs. Dunng the
campaigns the prinapal scieatists and the
ground-based comemunity are represented at
Earange. Tlus allows opgactuntics for discus-
sion ol the appropriate satellite modes and
for exchanging ideas about the data immedi.
ately after they have been reccived.

Early Viking Data

Figure 2 shows an example of the first
page of a Viking quek look plot (QLE). This
shows electie and magnene beld dawe ace
quited by Vikang on March 25, 198G, just
over a month alter launcl, This plot was pre-
pared within a few hours of the data acquisi-
tion. In the upper left-hand cerner is a polar
invariant latitude/magacuc local ume plot of
a statistical hicld-aligned current distribuuon
[juna and Potemra, 1976) with Viking's loot-
praint and tick marks corresponding to the
scale across the bottom. Shown on the hori-
zontal scale are universal ime, magnetic local
tume (MLT), invariant lautude (INV. LAT), L




value, alutude in kilomcters, subspacecralt
position hutude and longitude (SSI' LAT and
SSP LONG) in geograplic degrees, amd the
geographic atnude and longiude poutwn of
the geomagnatic fickd line projected from Vie
king's position to a 100-kn altitude, deter
mined by using the IGRFE0 modcl [{AGA i
vuwen | Warking Geaup 1, 1981),

“Flse st thvee panichs in Fagure 2 provade
space for the theee campanents of the sca
suted clectric fickd, the fourth pancl is for
the peaketo-peak value during 3 1.2 inters
val, and the fifth pancl shaws the negative
spaceeralt patentisl with fespect 1o tie avers
age of twd clegirx fick) probet, The bottom
thice pancls show the measured maguetic
fickd, translormed from the spinaing space.
eralt reference frame into the geographic
south, cast, and madial companens (labeliad
BSOUTI, HEAST, and BRADIAL)

The complete clectric fickd vector was not
measured duning the orbit that is shown in
Figute 2 betause one probe pair on the
spacceraft wat used by the Low:Frequency
Wave Experiment (V4L) lor measuecment of
clectron denuty Ructuations, ‘Therclore the
three clectric fickd components are nyt plote
ted in the sppropriste spaces in the QLE
shown in Figure 2 ti.c., the first three pancls),
However, the spacecralt potential wag mea-
sured and it plotted in the founth pancl. This
is the negative spaceeraft potential incasurcd
with respect 1o the average of two clectric
fickd probes. it a measure of the clectrun
density multiplicd by the syquare rout of the
temperature. This potential Huctuates rapidly
during both crossings of the auroral oval, cs-
pecially near the northern edge ~75° invaric
ant latitude on the evening side and between
70° and 80° in the prenoun sector,

The castswest componemt of the agnctic
fickd (BEAST) 13 the most appropriate to de-
tect pertutbations ascocnated with large-saale
Bitkeland curcents, A largesscale magnetic
perturbation can be scen in the lefi side of
the BEAST trace near 21:00 MLT and ex-
tending from about 63° (0 75° invariant lati.
tude. ‘This disturbance is about 150 n'T and is
related 0 the largesscale Birkeland current
systemns in thie evening sector, A complicared
set of magnetic pertusbations oceurs an the
dayside near 03:40 MLT between ~76* and
73* invariant latitude, These perturbations
are assocnated with the large.scale Birkeland
current systeics in this sector, Tliese obscrva.
tions were acyired near Viking apogee,
where e b7 upling rate of the Magnetic
Field ¥ 93 H1) combined with the
low ¢ . satellite (3.3 k/s) translates
10 2 sp.ava; sesolution of 60 m. A 60-m hori-
zontal distance at Viking’s apogee altinide of
about 2 R, projects along geomagnetic ficld
lines 10 a horizontal distance of about 12 tn
near the carth's surface.

An addmonal three pages, displaying data
acquired by the energetic paricle, plauna
wave, and imaging experitment, are included
in the set of QLPs that are presently being
distributed for a small charge to the interna-
tional community of scientists. Requests for
these QLI's should be addressed to the Kiru.
na Geopliysical Institute, Kiruua, Sweden,

Figure'd shows an energy-time spectro-
gram plot of ion and electron lluxes mea-
sured by the Hot Plasma Experiment (V3)
during orbit 176 (shown in Figuse 2). Energy
in thousands of eleciion volis (keV) is ploted
on the vertical scale, and umiversal time, alti-

TABLE 2. Viking Scientific tiestruments
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Obscrvatory, Uppsala,
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V4 High Frequency 10 kHz-512 k2 A. Bahnsen, Danish Space
Waves Research [ustitute,
Lyugby
V5 Ultraviolet Auroral 1250-1400 & <50 ken C. D. Anger, University
lmager 1345=1900 A of Calgary, Calgary,
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TABLE 3. The Viking Scicace Team
Rescarcher(s) Afliliation

Swedidh Do toe Space Activities,
Solua, Sweden

Swedish Space Corporation, Solna,
Sweden

VI Elecine Field Expenment
L. Block, C.:G. Falthammar, PoA. Department of Plasma Physics, Royal
Lindquist, and G, Markland lnstitute of Technology, Stockholm,
Sweden
Uuniversity of California, Berkeley
Spate Sdience Depaunent, ESAESTEC,
Noordwijk, The Netherlands

Keestin Fredya

L. Bjorn

F. Mwer
A Pedersen

V2 Magnetic Field Experiment
T. A. Potemra, L. J. Zaneui, P, F. Applicd Physics Laboratory, Johns
Bythrow, and R. £, Erlandson fopkins University, Laurcl, Md.

M. Acuna NASA/Goddard Space Flight Center,
Greenbelt, Md,

R. Bostrém and G. Gustalsson Uppsala lontospheric Observatory,
Uppsala, Sweden

M. Sugiura Geophysical Institute, Kyoto University,
Kyuotu, Japan

V3 Hot Plasma Expenment

Riruna Geophysical lastitute, Kiruna,
Swetlen

University of Bergen, Bergen, Norway

Max Planck Institute, Lindau, Federal
Republic of Germany

‘The Acrospace Corporation, Los
Aungeles, Calif,

Rutherford and Appleton Laboratory,
Chilion, UK,

NOAA Space Envitonment Laboratory,
Boulder, Colo.

Applied Physics Laboratory, Johas
Hopkins University Laurel, Md.

Lockliced, Palo Alo, Calil

{cont. next page )

R. Lundin, B, Hulqvis, L.
Eliasson, and L. Sandall

F. Suraas

W. Studemann, B, Wilken, and A.
Rorth

J- B. Blake and J. Fennel

D. Bryant

T Fritz

D. J. Williams

Jo BB Reagaa and R, D, Sharp
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TABLE Y (cant.)

Rescarcher(s)

Aflilistion

VIIt Ihgh-Frequency Waves

A Bahnsen, M. Jespersen, and E.
Ungstrup

R. Pattelette

R. Bostram amd 33 Jlolback

R. Gendrin

Danish Space Rescarch Institute, Lyngby

Centre de Recherehic en Physique de
Phstvitopatemcnt (GRIE), Saint
Mane, Frame

Uppaala lonosphens Obscrvatory,
dppsala. Sweden

CRPECentre National J'Etudes des
Teléeommumcanons, Patis

VL LousFrequency Waves

G. Gusuafuon, U, Hollack, R,
Bostram, G. Helmgren, and W,
Roskinen

A Hahnsen, M Jospersen, and E.
Ungstrup

M. C Kclley and PO M. Kintner

A. Pedersen

Uppsala lonospheric Qbservatory,
ppsala, Sweden

Danish Space Research Institute, Lynghy
Corncll University, Ithaca, N.Y.

Space Science Deparunent, ESA-ESTEC,
Noordwijk, The Netherlands

VS Ulearrolet Auroral Imager

G D. Anger

A. Vallance Jones, G. Greutzherg,
R. L. Gattinger, and F. R, Harnie

G L Shephiend andd § G

McCanncll
A. L. Broadfoot

6. Gustafssun

L. L. Cogger, J. W, Haslew, §. S.
Marphree, and D). Venkatesan

E. |, Llewelyn and D. }. McEwen

E. H. Richardson

G. Raosicker

€. Wit

Depariment of Physics, University of
Calgary, Calgary, Canada

Herzbery Institute of Astraphysics,
Natdonal Reseaseh Counal Canada,
ttawa

Yark University, Toronto, Canada

Earth and Space Sciences lnstitute,
University of Southern California,
Tucson, Ariz.

Ull»juala lonospheric Observatory,

ppsala, Sweden

University of Calgary, Calgary, Canada

University of Saskatchewan, Saskatoan,
Canada

Dominion Astrophysical Observatory,
National Research Council Canada,
Victoria

University of Albert, Edmonton,
Canada

Mcicorological Institute, University of
Stockholm, Stockholm, Sweden

Ground.Based Expersments

R. Pcllinen

i1 Opgenoorth

Finnish Mecteorological Institute,
Helsinki
Uyﬂmla lonospheric Observatory,
ppsala, Sweden

tude, invariant latitude, and magnetic local
umes are given on the horizontal scale. The
observed counts per readout (a measure of
pacticle fhix) are indicated by eolar, “These
et were avequined berween 20086 U1 and
20018 UL, when Viking passed over the eve-
ning anroral zone (sce Figure 2). Auroral
zone particles are observed until about 20:43
UL, when the polar cap is encommtered. The
perid From about 2638 U w0 2043 U is
charucterized by strong particle acceleration,
up to 10 keV for the clectrons. The absence
of ion beams, with the exceptian of the beam
flowing upward at 20:39:30 U'T, indicates
that most ol the aceelertion vecns above Vie
king's altituede (above 7000 km in this cuse).
Figure 4 is 2 display of the tow-frequency
(V4L) wave data acquired during the orbit
shown in Figure 2. Duning this orbit the V4L,

experiment used two density probes with 80
m separation. ‘The spectrograms in the two
uppermast pancls of Figure 4 provide a sur-
vey plot of spectea thraughont the catire ore
bit, except for the perind between 20:50 Ut
and 21:00 U'T, when no data was acquired by
this instrument. Data from the boom parallel
to the magnctic ficld are shawn in the 10
el e data feom the probe perpendicn.
lar to the magnetic lield are shawn in the
panel Lelow. The {requency range plotted on
the vertical scale is 0428 Hz. The spectro-
grams in the bottom of the figure display
data during the S-minute interval 20,37-
20:42 U'T* (from the bottom: density from
probe 1, cross coherency between the probes,
and density from probe 2). The frequency
range is 0 to 428 Hz in all cases. At about
20:40 UT, hoth probes measured strong tue-
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bulence Phe white tands s the muddle panel
mdicate igh abicreney batween the probes.
The "harmonic” structsires 3¢ about 20:37
UE, 2008030 10T, and 20042 UT arc internal
wteefetenees frm e soanant sonnder oxe
petament.

Figure 5 aliows the color specirogram lor
the daea acpured by the HigteFrequency
Wave Expernent (VAT "Tis Ggute shows
e cleenie sl magncte components m the
Busttsns aml tap panich, repetively, of waves
between 8 and 504 Rz (plotted on the vertis
cal seale). ‘This segment of datx extends from
approxitmately 20:30 UT 0 20:50 UT, near
thie crasung af the nightside uroral 2onc
(rec Faguee ). ‘The man feamre is the devel-
upamcet of an AKR ovent near 200640 UT,
amd several distines buests of auroral his age
also evident,

Figuee 6 shows an auroral image iquired
by whe Uliraviolet Auroral lmager E:ll)cn-
ment (V5) at approximately 20:47 UT during
the same athit discussed in all of the previous
figures. This is a reproducion of the image
reccrvest amd processed in the Esrange tracks
Tng station on a ncaly real-time basis. A com-
prted outline of Greenland and lechind are
alio shown tn Figure 6. This unage shows the
presence al a fartn over the southicen tip of
Greentand (the battom is close to midnight)
that may e nterpreted as @ westernstravels
L anrge (WIS).

Uhese data T Viking's complement of
scicnufic expetiments are presented here to
pravule an indication of the capabilities of
this program. A muore detsiled analysis of the
price plistg phicttmeni s presemly under-
way antd will be presented in the luture.

Summary

Flie ey of Sweden's finst satellite, Vie
Ling, mtst be regarded 2 mijor success by
any measure. The realtime "campaign™
made of satellite control and data acquisition,
the unique oebit, and the unrestricted and
quick disteibution of summary data o the in-
teenanional community of scicntists make the
Viking progeam unique. This program is ex-
pected to make signilicant contributions to
the understanding of solartercestrial physics
and space plasmas. "These contributions will
help proavide the background and set the
stage Tor the International Solar Terrestrial
Phgsics (ISTP) Program, scheduled for the
last decade ol this century.
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